Workplace surveys show communication skills are essential to success in engineering practices; however, a large gap has been identified between workplace needs and engineering graduates' skills. A contributing factor to this could be that engineering programs rarely require students to take courses exclusively focused on developing skills in public speaking, presentation, or technical communication which in combination with students' attitudes that communication is not necessarily a key skill to engineering can exacerbate the problem. Despite efforts to increase the focus on communication in the engineering curriculum, recent engineering graduates entering the workplace are still reported to be deficient in written and oral communication skills.
In 1987, a technical communication program that focused mainly on junior and senior students was initiated at the State University at Buffalo's School of Engineering and Applied Sciences. Their instruction combined several job-related features originated and proven in the workplace such as information models, quality control writing strategies, language guidelines, efficient teaching methods, and constructive feedback procedures. Their program included courses that aimed to address the main communication problems engineers, scientists, and students consistently identified in numerous questionnaires and classes along with enthusiastic support of an industrial advisory committee whose members mentored students one-on-one. 7 This university worked directly with industry to train students in communication, however, not every student benefitted from the program as the school thought. After a couple years in industry, these students were asked to take a survey regarding their communication skills and how the program had impacted their workplace experiences. Because the communication courses in their program were electives and therefore not mandatory, students did not always enroll in these courses. One survey respondent commented, "I never took instruction in tech writing, but I wish I had. It is vital to me in my job". 7 Engineering students are realizing communication skills are important too late. Graduates only realize communication skills are a necessity after employment whereas employers anticipate proficient communication skills upon hiring. This late recognition could be caused by students perceiving communication as unimportant or misjudging their communication abilities. There may be a disconnect between undergraduate students' thoughts on the importance and difficulty of communication and its actual importance and difficulty in industry, or there may be a disconnect between students' perceived ability to communicate and their actual ability.
Gender Influences on Communication
To be effective, educational tools should appeal to both male and female students equally. Males are said to use language to enhance social dominance and achieve tangible outcomes while females are said to use communication to enhance social connections and create relationships. Females are more expressive, tentative, and polite with the language used while males are more powerful and assertive. 13 According to John Gray, the author of Men are from Mars, Women are from Venus: a Practical Guide for Improving Communication and Getting What You Want in a Relationship, males and females have different needs, goals, and values in the way they communicate. Men are goal oriented and define their sense of self through their ability to achieve results while women are relationship oriented and define their sense of self by their feelings and quality of relationships.
14 Males prefer inequality and asymmetry and value difference between individuals -where competition sets a winner apart from everyone else. Females prefer equality and symmetry. 15 Females value cooperation because it involves a concern for others, selflessness, and a desire to be at one with others; however, males also value cooperation for males create relationships by doing things together. 13, 15 From the description of language used by males and females, it can be seen that some gamebased activities appeal more to males, ones competitive in nature, while others appeal to females, ones cooperative in nature. It can also be seen that game-based activities cooperative in nature can also appeal to males; therefore, cooperative activities are able to engage both genders. Engaging both genders is an important task to accomplish in regards to communication because it is important to discover a way to teach both genders effective communication skills for they are important in future careers. 13 The goal of these game-based communication activities was to develop communication skills in both male and female students.
This study analyzes the role game-based pedagogy has on student perceptions of important aspects of communication. It also considers potential differences between male and female perceptions of these communication aspects. Game-based learning incorporates game design elements to non-game contexts, balancing subject matter and game play to help players engage in the information being presented. It allows students to learn while playing and makes it possible for students to perform tasks professional engineers may have while in an environment where it is safe to fail. 16 Game-based learning allows students to explore the work environment, become accustomed to workplace expectations, and make mistakes that could potentially cost them their career had they actually been at work. This study will provide examples of gamebased learning that are relevant to developing engineering undergraduates' communication skills and preparing these students for the kind of communication that is expected in industry.
Research Questions
This study investigates students' perceptions of communication derived from their participation in game-based activities based on students' reflections. More specifically, this study asks: This class included specific game-based activities focused on building communication skills including "ROYGBIV," "Mystery Liquid," and "Professional Slide." Students were evaluated on both their oral and written communication skills at the end of the semester through submission of a final written design report and infomercial. Evaluation of student outcomes between those taught without games (more traditional instruction) and those taught with games has been completed and demonstrated that students exposed to game-based learning methods had enhanced oral and written communication skills. 17 The purpose of this study was to focus on students' perceptions of communication derived from their participation in these activities.
Communication Games Overview
"ROYGBIV" was meant to demonstrate to students that our perceptions of an image or interpretations of content can be very different from that of our audience. This game-based activity gave each student a card with a code and one piece of information on the bottom of the card as shown in Figure 1 . They then had to use solely oral communication -no drawing or writing -to explain the symbols on their card and gather feedback on what their card was meant to represent. This meant that they had to listen closely to their peers to ensure that they were getting the description of a symbol they needed. They also had to be careful in how they described their symbol so that it would not be misinterpreted. To get the necessary information to solve their code, students needed to speak to a lot of different students in the class, not just their peer group as each student was only provided with the one piece of information at the bottom of their card. Once they had decoded their card, they then had to change the color of a square tile on the instructor's computer which allowed for verification as to whether the class had correctly decoded the message.
"Mystery Liquid" was meant to demonstrate to students how it is necessary to provide a lot of succinct information to the audience to ensure that they understand the product or process you are describing. Students were placed into teams where each group member inspected a different unknown liquid. After using touch, sight and smell to observe the liquid, they had to prepare a written description of the liquid and return with this information about their mystery liquid so the remainder of the group could correctly identify the liquid without ever seeing it. Students were instructed that once they had returned to their group they weren't allowed to speak or describe anything they had observed as their written description was to be the sole source of information for their group. By leaving out details, students could have misled their audience which would have led to broader miscommunication.
Finally, "Professional Slide" was meant to show students how difficult it can be to communicate information with limited space without alienating their audience. Groups of students acted as a company in distress that needed to explain to the public why a recall had been issued on their product. Within the class there were four different prompts provided to students groupsenvironmental issues with a product, medical side effects, instability in a key component of their product, or dangerous manufacturing conditions. None of the student groups were aware of how many groups were working on the same prompt as themselves. Additionally, student groups were instructed that professional engineers from industry had been provided with the same set of prompts and had prepared slides that were to be added to the final slide deck that would be shown to the class although this wasn't the actual case. The purpose behind this deception was to enlist a competitive nature to the activity where each student group was striving to prepare the most professional slide that would be seen as good as if not better than what could be created by a professional in the industry. The culminating activity from this game-based exercise was for students to vote on which slide was the most professional looking for each prompt which resulted in them selecting one of their peer group's slide and an enriching discussion about why the particular slide selected was considered to be professional looking. This game-based activity was focused on being able to select the key information that was necessary for communicating the provided message while conveying trustworthiness and doing so in a professional manner.
Complete instructions for each of these games including materials needed, goals, and how to facilitate the game can be found in a games toolkit available online. 18 
Communication Games Reflection Exercises
To gauge students' perceptions of communication, reflection-based homework assignments for these game-based communication activities were given to students. The homework prompts included "What were the main takeaways that you got from this game-based activity in regards to your oral communication skills" for ROYGBIV, "How do you think this activity changed your approach to written communication" for Mystery Liquid, and "Reflect on how this experience contributed to your communication skill development" for the Professional Slide activity. The homework responses to these prompts were then content analyzed using a coding scheme for the reflections that was developed using a grounded, emergent qualitative analysis as described below.
Student Reflection Analysis
Thematic analysis is a method for identifying, analyzing, and reporting patterns or themes within data. A theme captures something important about the data in relation to the research question and represents some level of patterned response or meaning within the data set. 19 There are two ways themes can be identified within a data set using thematic analysis -with an inductive or theoretical approach. An inductive approach means the themes identified are strongly linked to the data themselves; meaning inductive analysis is a process of coding the data without trying to fit it into a pre-existing framework or analytic preconception. A specific research question can evolve through the coding process of an inductive approach. A theoretical approach, in contrast, is driven by the researcher's theoretical or analytic interest in the area, coding for a specific research question and focusing on a specific feature in coding the data. 19 An inductive thematic analysis was conducted in this study. Homework responses were collected, read and re-read to identify patterns related to the takeaways from the game-based communication activities (shown in Table 1 ). Patterns were linked to themes as the analysts understood the homework responses to represent. Themes captured the struggles of communication that students encountered and knowledge students gained while participating in the game-based communication activities. While completing homework assignments, the majority of students addressed the same struggles they had based on the game-based activity, the same key takeaways, and the same contributions to the development of their communication skills; therefore, these common responses became the themes of this study. The response shown in Table 2 was coded to contain the stepping out of comfort zone theme under the difficulties category and the wording theme under the audience perception category. The part of the response that states "it is important to talk to different people because they may know things I do not" shows the stepping out of comfort zone theme. The analysts took "different" people as people the student did not necessarily know or people that were not part of the student's immediate peer group. This student realized he/she must speak to individuals that aren't known by him/her to acquire new information. The wording theme can be seen by the statement "being descriptive will help others understand." This response directly shows the student thought about the types of descriptions that influence the audience's understanding of the final product. Mystery Liquid I think that this activity clearly showed that written communication can easily be misinterpreted by others when descriptions are being made through a biased filter. Being able to provide specific details without directly making an assumption in these descriptions was vital to conveying useful information for everyone to consider.
1. {Audience perceptionmisinterpretation} 2. {Difficulties -biases} 3. {Approach -detail}
The response shown in Table 3 was coded to contain the misinterpretation theme under the audience perception category, the biases theme under the difficulties category, and the detail theme under the approach category. The part of the response that states "written communication can easily be misinterpreted by others" shows the misinterpretation theme. This student recognized that thoughts of the writer are not always interpreted as intended. The part of the response that states "when descriptions are being made through a biased filter" and "without making an assumption" shows the biases theme. The audience or the writer may have past experiences that influence how they perceive or convey information, and this student reflected on this fact in his/her homework response. Finally, the part of the response that states "being able to provide specific details … to conveying useful information for everyone to consider" shows the detail theme. This student reflected on the amount of detail needed and its impact on the ability to convey useful information which is what the detail theme aims to address. The response in Table 4 was coded to have no themes present. Though this student's response is a reflection of the "Professional Slide" gamed-based communication activity, no part of the response corresponds to the main themes that were identified in the content analysis of student responses.
The themes developed in this study or aspects of them can be seen in the 16 communication skills rated by engineers as important as shown by a field study conducted by Corrello. 20 Listening is directly stated in this list, along with giving feedback, routine information exchange, and persuading. Giving feedback, routine information exchange, and persuading all contain aspects of the wording, framing, organization, detail, and presentation themes while trying to avoid misleading an audience or having an audience misinterpret the feedback or data. These aspects can be seen in communication events such as the types of descriptions to use when giving a co-worker feedback on his or her presentation, what information to include and how much detail to provide when persuading business representatives to invest in an idea, or how many slides to include, if bullet points should be used, and the overall professional look of a presentation wrapping up the end of a project. Corello also talks about communication apprehension which is the level of fear or anxiety associated with real or anticipated communication with another person or group of people. 20 Communication apprehension has aspects of the stepping out of comfort zone theme developed in this study.
Training on coding the student responses was performed using 10 student entries, and the remaining dataset for analysis contained 237 individual responses. Two analysts content analyzed all homework responses according to the framework shown in Table 1 . Inter-rater reliability between coders was assessed using Cohen's Kappa. An inter-rater reliability of 0.641, 0.647, and 0.597 for the "Professional Slide," "ROYGBIV," and "Mystery Liquid" respectively was obtained, reflecting a fair level of agreement. 21 The most prevalent themes for each gamebased activity were identified and are summarized in the results and discussion section. Differences in prevalent themes between students of different genders were also analyzed.
Results and Discussion
This study attempted to understand how students were reflecting on game-based communication activities by answering how do games influence students' perceptions of skillsets that are important within written and oral communication?
As previously mentioned, each game-based communication activity focused on different aspects of communication that students had the opportunity to reflect on after participating in the gamebased activity. The top themes from each of the game-based communication activity reflections are summarized below.
The top three themes for the "ROYGBIV" communication game-based activity were understanding/listening [33], wording [26] , and stepping out of comfort zone [26] . The total number of student responses including these elements is shown in brackets. Student responses ranged from 4 for the misinterpretation theme to 33 reflecting the understanding/listening theme. There was a total of 84 student responses for this game-based activity and a total of 157 counts of themes found in these responses. The understanding/listening theme identifies that a speaker's perspective is not always that of the audience, so the speaker needs to reflect on the background of the target audience to ensure effective communication occurs. In this game-based activity, students needed to listen closely to their peers as well as make sure they understood their audience to ensure they were getting and giving the correct description of the symbol. For example, as was shown in Figure 1 in the Communication Games Overview section, students may describe the symbol in the second row, first column as a series of mountain peaks or as a geometric pattern. They needed to be able to reflect on their audience and then look at their card to determine if there was perhaps multiple ways to describe a specific symbol. Students needed to effectively communicate to decode the symbols on their cards and hence their reflections demonstrated that this game-based activity reinforced their need to think about audience as part of communicating. The wording theme identifies descriptions that are used to make certain the audience understands the final product. Students needed to be careful in how they described their symbol so that it would not be misinterpreted to their peers. Students carefully choosing the descriptions used to describe their symbol demonstrated the use of the wording theme. Finally, the stepping out of comfort zone theme identifies doing more than expected to get feedback on ideas or obtain new information. Talking to individuals not known to the speaker would be considered doing more than expected. Students needed to talk to many other peers to decode their symbol, most of whom they had never talked to or were not in their immediate peer group. Students "stepped out of their comfort zones" to acquire different information needed to decode the symbols on their cards and therefore practiced the stepping out of comfort zone theme.
The top three themes for the "Mystery Liquid" communication game-based activity were detail [44], wording [30] , and biases [28] . The responses ranged from 1 including the organization theme to 44 reflecting the detail theme. There was a total of 83 student responses for this gamebased activity and a total of 186 counts of themes found in the responses. The detail theme identifies the need to include specifics in a piece of communication to have the ability to convey the correct information as well as acknowledges the length of the piece. This game-based activity was meant to show students they needed to provide concise information to the audience to ensure they understood what was trying to be explained to them. It was clear from their reflections that after participating in the game-based activity they had a better concept of how much detail should go into written descriptions and that sometimes more can be better depending on the circumstances. For instance, only providing 1 or 2 words to describe their assigned mystery liquid wouldn't be sufficient to allow their team the opportunity to correctly identify the liquid they were assigned. Students also better understood the types of descriptions needed and how these descriptions influence the audience's perception of the final product by the presence of the wording theme. For example, if students were describing dishwashing liquid, they would use words to describe the smell, the color, the viscosity, if bubbles were present, etc. It was clear from student reflections that they better understood what kind of descriptors to use when describing something their audience had never before seen. This game-based communication activity also showed students it was important to only convey the information that was given and to not introduce their perception of the identity of the liquid. By inserting their own perceptions, students introduced bias, making it difficult for the audience to see past the bias. An example where this occurred was when students wrote Sprite or Sierra Mist as their description of the mystery liquid not providing their team with any opportunity to identify any other liquid. In this case, the liquid turned out to be lemon water which made the students realize that their perception isn't always correct and they should ensure that they provide an unbiased presentation of what they are asked to describe.
Finally, the top three themes for the "Professional Slide" game-based communication activity were framing [39], understanding/listening [29] , and presentation [16] . The responses ranged from 2 including the misinterpretation theme and 4 including no theme to 39 reflecting the framing theme. There was a total of 80 student responses for this game-based activity and a total of 122 counts of themes found in these responses. The framing theme identifies how to set up and what should be included in a communication piece while the presentation theme addresses the need for clarity and professionalism in the final piece of communication. This game-based activity was meant to show students how to communicate information in a limited amount of space without alienating their audience. Its focus was being able to select key information to get the point across in a professional manner, without causing the audience distress. For example, students who received the prompt that their product was resulting in adverse medical side effects had to decide if they wanted to present all the medical side effects to the public, side effects that were the most critical, or the side effects that would not cause the audience to panic and if they should explain to the audience what these side effects entailed. Students also needed to decide what their company was going to do. Would they tell the public a recall was being issued and that they are removing their products from stores or tell the public the problem is being resolved and that they are keeping stores stocked? Would customers respect their professional decisions and understand their actions or would their customers think they were unsafe and use another brand? From reflections, it was clear students thought about what was needed to inform the public and what might have just been supplemental information. It was also clear students understood their audience must understand exactly what was happening in order to avoid mass hysteria, therefore their slide had to provide clarity. In order to understand what information was needed and how to present this information in a clear way, students needed to reflect on their target audience. For example, the student group whose product resulted in side effects knows the medical terminology of the side effects but who are they presenting to -medical professionals, engineers, or the general public? Will their audience know and understand these medical terms or should the company present them in layman's terms? Students reflected the importance of conveying information in a way the "common man" would understand it.
Themes within student reflections of these game-based activities aligned with the key takeaways of the games, showing that students understood the communication skills needed to succeed in these game-based activities. Self-reflection may aid in carry-over of course material to outside of the classroom. 22 Therefore, students should be able to translate these communication skills to other contexts, specifically industry. The teaching delivery strategy for workplace skills is not that of a traditional classroom but one that includes active and cooperative learning which is how this class is arranged. 23 A comprehensive survey conducted by Mishra and Foster identified 250 distinct claims about games for learning. Using grounded theory analysis, these claims were categorized under five themes: cognitive skills, practical skills, motivation, social skills, and physiological. Examination of their findings revealed that there is a general consensus: games can lead to changes in attitudes, behaviors, and skills. 16 The first theme under the social skills category was communication; therefore, according to Mishra and Foster's analysis, games can change students' attitudes about communication and their communication skills. The conclusion found by Mishra and Foster supports what is being hypothesized in this study. Kirriemuir and McFarlane also found that playing games can support valuable skill development such as strategic thinking, planning, communication, negotiating skills, group decision making, and data handling. 16 Other studies completed by Macy, Squires, and Barton and Dede have concluded that game-based learning has enabled a merging of play and learning which can lead to staged learning opportunities that replicate real life and the transfer of knowledge learned from one situation to another. 16 These studies support game-based learning having the capability to not only allow students to develop communication skills but also learn the ability to transfer these skills to other contexts.
After determining how games influence students' perceptions of important communication skills overall, this study asked is there a difference between male and female students' perceptions of skillsets that are important within written and oral communication?
To determine if there was any difference in males and females perceptions, the top themes that males and females reflected upon were compared for each game-based communication activity and the results of this analysis can be seen in Table 5 . 
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Although as noted in Table 5 , there is a difference in ranking of the different themes for some of the game-based activities it was found that there was no statistical differences between the proportions of females vs. males that selected any one specific theme based upon a z-test of proportions.
The prevalent themes reflected by males and females for the "ROYGBIV" game-based activity are identical; the only difference is in the ordering of the themes -the number one theme for males was understanding/listening while the number one theme for females was wording. This similarity in themes but difference in ranking may mean males and females put different priorities on certain aspects of communication but overall have a consensus about what is important. This difference in priorities may come from the fact males and females view the purpose of conversations differently.
Males and females agreed that the detail theme was the most important theme in the "Mystery Liquid" game-based communication activity; however, different priorities are placed on the wording theme. Males took the perspective that biases were important in this game-based communication activity while females took the perspective of understanding/listening. Both themes acknowledge the need to know the background of the audience; however, during the activity, males may have had difficulties with biases clouding their perception of the liquid and therefore the audience's perception whereas females may have acknowledged their audience did not have the same perspective as they had for their audience did not see the liquid, and therefore, to promote effective communication, females realized what was necessary for an appropriate explanation of the liquid. Another hypothesis is females may have also had the same difficulties with biases as males did, but females reflected the understanding/listening theme as a way to combat the biases they encountered.
For the "Professional Slide" game-based activity, the top three themes males reflected were framing, understanding/listening, and presentation while the top three themes females reflected were framing, understanding/listening, and a tie between detail and wording for the third most prevalent theme. For this game-based communication activity, males and females agreed framing and understanding/listening were the most important communication aspects to succeed in this game-based activity. Because the final top theme between genders was different, this may mean males and females took a different perspective when reflecting on this game-based activity. Males may have looked at the overall slide -the level of clarity and professionalism it brought; however, females may have looked at the minute details and certain descriptions that were needed in the slide to provide clarity and professionalism, explaining males reflecting on the presentation theme while females reflected on the detail and wording themes as their third top theme. Again, this difference in perspective may come from males and females viewing the purpose of communication differently.
Overall, there was very little variation in the top three themes between male and female communication game-based activity reflections. This could be indicative that the game-based activities selected were able to equally apply to both genders. These particular game-based activities were also collaborative in nature which has been shown to appeal to both genders. 13, 15 Communication within the context of these particular activities may also be perceived similarly by both genders, explaining why both genders, for the most part, reflected on the same themes for all of the game-based communication activities.
Study Limitations
This study was conducted over a single semester with one section of an Introduction to Chemical Product Design Class containing 86 sophomore level chemical engineering students. This class was designed to include many game-based activities. Because of these factors, it is uncertain how transferrable these results may be to other classroom environments, and these results may not be generalizable to other student populations. This class contained more males than females; therefore, male reflections had more of an impact on the overall top three themes identified where there was a difference in perceptions between males and females.
Conclusions
Effective communication is an important aspect to any field, including engineering. Without proficient communication skills, catastrophic events can occur and a successful industry career is unlikely. However, many engineering graduates do not have the communication skills to meet the needs of industry employers. Engineering education has attempted to combat this issue, but the gap between employer needs and student abilities still exists. To understand student perceptions of communication through participation in game-based activities, this study asked students to reflect on the game-based activities they participated in and how they contributed to their communication skill development. Across all game-based activities, understanding/listening and wording were the most prevalent themes; females reflected these themes to such a degree that they were in the top three themes for all game-based activities; these themes were in the top three themes for two game-based activities for males. These common themes reinforce students recognizing how these skills sets are critical to their communication practice, making gamebased learning a potential bridge between students' skills and employers' needs in regards to communication. In fact, employers are using games to judge the quality of a candidate's professional skills such as communication. 24 As game-based learning is experiential, students learn by doing and therefore have a higher likelihood of being able to transfer the skillsets learned into different contexts. Critical reflection is needed after these game-based activities to build student learning -to reinforce and reiterate what was learned so when students enter industry, they can remember and practice the skills that were developed in college.
This study also examined differences in communication game-based activity reflections between males and females. There was very little variation between genders in their reflections, meaning game-based learning may have the ability to impact male and female perceptions similarly. It was determined that the priorities and perspectives of certain communication aspects may be different between males and females, which may stem from each gender viewing the purpose of communication differently. However, there was a consensus between genders about the overall importance of certain aspects within each game-based communication activity. Because of this consensus and the alignment of reflection themes and desired outcomes of the game-based communication activities, game-based learning followed by critical reflections may be a suitable pedagogical tool for the development of communication skills in chemical engineering undergraduates.
